Seventy three rice varieties were evaluated for their variability with regards to yield and yield components. Estimates of heritability and genetic advance in per cent of mean were also obtained for the above traits. In addition, studies on character associations and path coefficients were also undertaken. The results revealed high variability, heritability and genetic advance in per cent of mean for grain yield while panicle bearing tillers and 1000 grain weight had recorded high heritability coupled with low genetic advance as per cent of mean. Further, yield was observed to be positively associated with panicle bearing tillers and number of filled grains per panicle and these characters were noticed to exert high direct effects on grain yield per plant. High indirect effects of most of the traits were noticed mostly through panicle bearing tillers per hill indicating importance of the trait as selection criteria in crop yield improvement programmes.
INTRODUCTION
Rice is the most consumed cereal grain in the world. It is staple food crop for more than half of the world's human population. Yield enhancement is the major breeding objective in rice breeding programmes and knowledge on the nature and magnitude of the genetic variation governing the inheritance of quantitative characters like yield and its components is essential for effective genetic improvement. A critical analysis of the genetic variability parameters, namely, Genotypic Coefficient of Variability (GCV), Phenotypic Coefficient of Variability (PCV), heritability and genetic advance for different traits of economic importance is a major pre-requisite for any plant breeder to work with crop improvement pogrammes. Further, information on correlation co-efficients between grain yield and its component characters is essential for yield improvement, since grain yield in rice is a complex entity and is highly influenced by several component characters. Studies on path co-efficient also provide useful information regarding the direct and indirect effects of different yield component characters on grain yield and thus aid in the identification of effective selection criteria for effective yield improvement. The present investigation was undertaken in this context to elucidate information on variability, heritability, genetic advance, character associations and path of effect in promising rice genotypes of Acharya N G Ranga Agricultural University, Andhra Pradesh, India.
MATERIALS AND METHODS
The present investigation was undertaken with 73 pre-release and high yielding rice genotypes developed at different rice research stations of Andhra Pradesh state of India. These genotypes were sown during Kharif 2012 at the wet land farm of Regional Sugarcane and Rice Research station, Rudrur in a randomized block design with three replications. Twenty-five day old seedlings of each genotype were transplanted in twelve rows, each of 3.0 m length by adopting a spacing of 15 cm between rows and 15 cm between plants within the rows. All recommended practices were followed to raise a healthy crop. Observations were recorded for grain yield and yield component characters, namely, days to 50 per cent flowering, plant height, panicle bearing tillers/hill, panicle length, number of filled grains per panicle and 1000 grain weight. The observations on plant height, panicle length, panicle bearing tillers per hill and number of filled grains per panicle were recorded from five randomly selected plants for each entry in each replication. However, days to 50 per cent flowering and grain yield were recorded on plot basis. In contrast, observations for 1000-grain weight were obtained from a random grain sample drawn from each plot in each entry and replication. The data obtained was subjected to standard statistical procedures. Genotypic and phenotypic co-efficients of variation were computed following the methodology outlined by Burton (1952) , while the estimates of heritability and genetic advance were obtained as per the procedures outlined by Burton and Devane (1953) , and Johnson et al. (1955) , respectively. The genotypic and phenotypic correlations were calculated using the formulae suggested by Fisher and Yates (1967) , while the direct and indirect contribution of each character for grain yield was estimated by path co-efficient analysis suggested by Wright (1921) .
RESULTS AND DISCUSSION
The results on analysis of variance (ANOVA) for yield and yield component characters studied are presented in table 1. Highly significant mean squares due to genotypes were observed for all traits, indicating the existence of sufficient variation among the genotypes for yield and yield component characters studied in the present investigation, and therefore, there is a scope for effective selection.
Information on mean, range, PCV, GCV, heritability, genetic advance and genetic advance in per cent of mean for yield and yield component traits are furnished in table 2. A perusal of these results revealed maximum range of variability for grain yield followed by number of filled grains per panicle. Higher phenotypic co-efficients of variation, compared to genotypic co-efficients of variation were recorded for all the traits studied in the present investigation, indicating the influence of environment. Similar findings were reported earlier by Mamta Singh et al. (2007) . However, high (>20%) phenotypic co-efficient of variation for grain yield in the present investigation was noticed to be closely and essentially associated with high genotypic co-efficient of variation for the trait, indicating the minimal influence of environment and presence of high genetic variability for the trait in the experimental material. Hence, selection on the basis of phenotype in these genotypes can also be effective for improvement of grain yield. Similar results were reported earlier by Mishra and Verma (2002) and Hasib et al. (2004) . However, moderate (10-20%) genotypic and phenotypic coefficients of variation were recorded in the present study for days to 50 per cent flowering, number of filled grains per panicle and 1000 grain weight. These results are in conformity with the findings of Bornane et al. (2014) for days to 50 per cent flowering and 1000 grain weight. In contrast, low (<10%) estimates of genotypic and phenotypic coefficients of variation were observed in the present study for plant height, panicle bearing tillers per hill and panicle length, indicating low variability for these characters in the present experimental material and therefore little scope for improvement of these traits. Similar findings were reported earlier by Satish et al. (2003) for plant height.
High (>60%) estimates of heritability were recorded for days to 50 per cent flowering, plant height, panicle length, 1000-grain weight and grain yield in the present investigation, while moderate heritability (30-60%) was observed for panicle bearing tillers per hill and number of filled grains per panicle (Table 2) . These results are in conformity with the reports of Idris et al. (2013) for 1000-seed weight and plant height; Bisne et al. (2009) for ear bearing tillers per hill; Dhanwani et al. (2013) for days to 50 per cent flowering; and Kundu et al. (2008) for grain yield per plant.
A perusal of the results on genetic advance revealed high values (>20%) for days to 50 per cent flowering, number of filled grains per panicle and grain yield. The estimates of genetic advance in per cent of mean was also high (>20%) for days to 50 per cent flowering, number of filled grains per panicle, 1000 grain weight and grain yield. These results are in conformity with the findings of Babu et al. (2012) for number of filled grains per panicle; and Dhanwani et al. (2013) for 1000 grain weight and grain yield per plant. In contrast, moderate (10-20%) estimates of genetic advance were noticed in the present study for plant height. Similar results were reported by Babu et al. (2012) . Further, low (<10%) estimates of genetic advance were recorded in the present investigation for panicle bearing tillers per hill, panicle length and 1000-grain weight. Low (<10%) estimates of genetic advance as per cent mean were also noticed for panicle bearing tillers per hill and panicle length in the present investigation. These results are in conformity with the findings of Seyoum et al. (2012) .
High heritability coupled with high genetic advance as per cent mean was recorded for days to 50 per cent flowering, 1000-grain weight and grain yield per plant indicating that the high heritability observed is due to additive gene effects and selection may be effective for these characters. Similar observations were reported by Adilakshmi and Girijarani (2012) for 1000-seed weight and Madhavilatha et al. (2005) for grain yield per plant. On contrary, high heritability coupled with moderate genetic advance in per cent of mean was observed for plant height indicating the role of both additive and non-additive gene effects for control of the characters. The results are in conformity with the reports of Seyoum et al. (2012) . However, panicle length had recorded high heritability coupled with low genetic advance in per cent of mean in the present investigation, which is similar to the findings of Singh et al. (2012) . Further, information on genetic variation along with heritability and genetic advance estimates has been reported to give a better idea about the efficiency of selection (Burton, 1952) . In the present study, high GCV and PCV coupled with high heritability and high genetic advance in per cent of mean were observed for grain yield indicating the pre-ponderance of additive gene action and therefore scope for improvement of the trait through selection. Similar results were reported earlier by Mohana Krishna et al. (2009) .
The genotypic and phenotypic correlations for yield and yield components are presented in table 3. A perusal of these results revealed phenotypic and genotypic correlations to be of similar direction and significance. However, genotypic correlations had recorded a higher magnitude compared to phenotypic correlations indicating the masking effect of environment. Similar results were reported by Madhavilatha et al. (2005) . Further, grain yield per plant was observed to be positively and significantly associated with panicle bearing tillers per hill and number of filled grains per panicle indicating an increase in grain yield with an increase in these characters. Therefore, priority should be given to these traits, while making selection for yield improvement. The findings are in agreement with the reports of Manikaminnie et al. (2013) for panicle bearing tillers per hill and Sudharani et al. (2013) for number of filled grains per panicle. On the contrary, non-significant association was noticed for grain yield with days to 50 per cent flowering, plant height, panicle length and 1000-grain weight. The findings are in consonance with the reports of Yadav et al. (2010) .
Studies on inter-character associations for yield components revealed significant and positive association of plant height with panicle length. The results are in agreement with the reports of Manikyminnie et al. (2013) . However, significant and negative inter-character associations were observed for panicle bearing tillers per hill and number of filled grains per panicle; and number of filled grains per panicle with 1000-seed weight, probably due to competition for a common possibility, such as nutrient supply. The results are in conformity with the reports of Panwar et al. (2007) .
Path co-efficient analysis provides an effective means of finding out the direct and indirect causes of association and presents a critical examination of the specific forces acting to produce a given correlation and also measures the relative importance of each causal factor. Hence, the study of direct and indirect effects of yield components on grain yield per plant was undertaken in the present investigation and the results obtained are presented in Table 4 . A perusal of these results on path co-efficients for yield and yield components revealed genotypic and phenotypic path co-efficients to be of similar direction and magnitude. Further, the genotypic path coefficients were observed to be of higher magnitude, compared to phenotypic path coefficients indicating the masking effect of environment. The results also revealed high residual effect for both phenotypic (0.6774) and genotypic (0.6624) path coefficients, respectively, indicating that variables studied in the present investigation explained only about 33 (phenotypic) and 34 (genotypic) per cent of the variability in yield and therefore, other attributes besides the characters studied are contributing for grain yield per plant. The results also revealed high (>0.30) direct effects of panicle bearing tillers per hill, number of filled grains per panicle, days to 50 per cent flowering, 1000-grain weight and plant height on grain yield per plant. High positive direct effect of panicle bearing tillers per hill (Manikyaminnie et al., 2013) ; and number of filled grains per panicle (Parvathi et al., 2011) on grain yield were also reported earlier. These traits had also recorded highly significant and strong positive association with grain yield per plant. High direct effects of these traits therefore appear to be the main factor for their strong association with grain yield per plant. Hence, these traits should be considered as important selection criteria in all rice improvement programmes and direct selection for these traits is recommended for yield improvement. The results are in conformity with the findings of Meena Kumari et al. (2011) . Further, days to 50 percent flowering, plant height and 1000-grain weight had also recorded high positive direct effects on grain yield per plant. The results are in consonance with the findings of Seyoum et al. (2012) for days to 50 percent flowering; and Adilakshmi and Girijarani (2012) for plant height and 1000-seed weight. However, their association with grain yield per plant was noticed be non-significant in the present investigation indicating the need for adoption of restricted simultaneous selection model to nullify the undesirable indirect effects and make use of the high direct effects (Singh and Kakar, 1977) . In contrast, high negative direct effect on grain yield per plant was recorded by panicle length. However its association with grain yield per plant was observed to be non-significant indicating the indirect effect of the trait on grain yield per plant through other characters. The findings are in conformity with the reports of Manikyaminnie et al. (2013) .
CONCLUSION
Results of the present investigation on variability, heritability and genetic advance indicated a scope for improvement of grain yield through selection. Further, studies on character association and path co-efficients revealed the importance of panicle bearing tillers per hill and number of filled grains per panicle as selection criteria for effective yield improvement. The study also indicated the need for balanced selection in light of negative association of panicle bearing tillers per hill with number of filled grains per panicle; and number of filled grains per panicle with 1000-grain weight in crop yield improvement programmes. 
